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The quark diffusion coefficient in the critical window near Tc and at moderate values
of the chemical potential is evaluated.
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1. Introduction
Evaluation of the QCD transport coefficients at T, µ > 0 is relevant for the analysis of
heavy ion collisions at RHIC and LHC. We present a simple expression for the quark
diffusion coefficient in the vicinity of the phase transition line at moderate values of the
quark chemical potential, i.e., at µ ∼ 300−600 MeV. The physics of this region has been
in detail analyzed in [1]. It is characterized by drastic increase of fluctuations of both
quark and gluon fields, the corresponding Ginzburg-Levanyuk number is Gi >
∼
10−2,
which is by about ten orders of magnitudes larger than for metal superconductors.
The transport coefficients can be expressed in terms of the time-dependent propa-
gator [2,3]. In writing the expression for the fluctuation quark propagator (FQP) use
will be made of the two assumptions. First, we assume that at such values of µ the
quark Fermi surface is already formed and hence momentum integration can be per-
formed around it in the same way as in the BCS theory of superconductivity. Second,
the fluctuation regime will be treated following the guidlines of the condensed matter
theory of disordered systems. The only relevant parameter entering into the diffusion
coefficient will be the collision, or relaxation time τ . This parameter may be in turn
calculated in dynamical models, e.g., in the Langevin picture. Denoting the FQP as
L(p, ω) we may define it as [2,3]
L−1(p, ω) = −
1
g
+ F (p, ω), (1)
F (p, ω) =
∑
k
GR(k, k4)G
A(p− k, ω − k4), (2)
1
Here g is the coupling constant with the dimension m−2, the sum over k implies the
momentum integration and Matsubara summation, k4 = −pi(2n + 1)T, G
R is the
thermal retarded Green’s function which reads
GR(k, k4) = i(γk+ γ4k4 − im+ iµγ4 −
1
2τ
)−1, (3)
and GA = (GR)∗. We shall compute F (p, ω) in the approximation of long-wave fluctu-
ations
F (p, ω) ≃ A(ω) +Bp2, (4)
where the frequency dependence of B is neglected. Finally the contribution from an-
tiquarks is also neglected in the present short contribution. The evaluation of (2) is
straightforward though somewhat cumbersome. First we perform momentum integra-
tion around the Fermi surface, then Matsubara summation. The FQP exhibits the
diffusion pole yielding the following answer for the diffusion coefficient D
D = −
8Tτ2
3pi
{
ψ
(
1
2
+
1
4piTτ
)
− ψ
(
1
2
)
−
1
4piTτ
ψ′
(
1
2
)}
, (5)
where ψ(z) is the logarithmic derivative of the Γ-function. This expression is valid both
below and above Tc. From (5) one obtains two simple limiting regimes
D ≃
{
τ/3, T τ ≪ 1, (6)
1/6T, T τ ≫ 1. (7)
Expression(6) may be called relativistic Drude equation.
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